
CSC Location Dose Levels are for 10 year period
Zmin(cm) 696
Zmax(cm) 786
Rmin(cm) 88
Rmax(cm) 207

SRL CSC
TID (Krad) 24.3
NIEL (1 MeV,n/cm2) 7.10E+12
SEE/SEU (>20 MeV,h/cm2) 1.52E+12

RTC Preselection SF CSC
TID (Krad) 35 850.5
NIEL (1 MeV,n/cm2) 10 7.1E+13
SEE/SEU (>20 MeV,h/cm2) 10 1.5E+13

RTC Production SF CSC
TID (Krad) 17.5 425.25
NIEL (1 MeV,n/cm2) 5 3.6E+13
SEE/SEU (>20 MeV,h/cm2) 5 7.6E+12
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1. Overview: 
 
  Total Ionizing Dose (TID) tests were conducted on major components for 
the Cathode Strip Chamber front-end electronics. This test was targeted towards the 
analog circuitry that performs charge amplification, shaping and Electro-Static-Discharge 
(ESD) protection.  The analog charge amplification and shaping circuit identified as IC71 
is a custom ASIC developed at Brookhaven National Laboratory and fabricated in 0.5 µm 
CMOS technology. The ESD protection devices used for the front-end amplifiers are 
commercial of the shelf (COTS) components manufactured by ZETEX (BAV99ZX) 
 
2. Ionizing Radiation Levels in CSC. 
 
 Worst case Simulated Radiation Levels (SRL) and Radiation Tolerance Criteria 
(RTC) for the CSC is given below. This data is obtained from the ATLAS Radiation 
Tolerance Criteria documents and extraction tools. 
 
Qualification/Pre-selection: 
 

Zmin 
(cm) 

Zmax 
(cm) 

Rmin 
(cm) 

Rmax 
(cm) 

SRLtid 
(Gy/10 years) 

RTCtid 
(Gy/10 years) 

760 770 80 90 362 12700 
 
 RTCtid = SRLtid * SFsim * SFldr * SFlot 
 SFsim =  3.5 (Simulation) 
 SFldr = 5 (Low Dose Rate) 
 SFlot = 2 (Lot Variation) 
 
For production qualification the SFlot factor decreases to 1 and hence the RTC decreases 
to 6350 Gy/10 years. 
 
3. TID Radiation Test Setup 
 
 A total of 6 test devices and 1 reference device was screened and used for the test. 
The test devices were obtained from a homogenous lot. Simplified TID test method for 
pre-selection of CMOS devices were followed. The devices were not subjected to post-
irradiation aging to simulate low dose rate effects. The devices were biased under their 
normal operating condition and at room temperature. The devices were also not subjected 
to post-irradiation annealing and post-irradiation ageing. Devices parameters were 
measured in-between radiation steps and returned back for radiation within an hour. 



 Electronics gain, shaping time, Equivalent Noise charge, input & output dc levels 
and current consumption of the devices were monitored and the rejection criteria for the 
devices were formulated as any failed channel or degradation of one or more parameters 
beyond the 10% level. 
 
 Initial dose of 90 KRad was applied at 20KRad/HR and subsequent doses were 
applied at 10KRad/Hr. Measurements were conducted at 0KRad, 90KRad, 250KRad, 
500KRad, 750 KRad, 1000KRad and 1670 KRad intervals. 
 
 
4. Test Results 
 
 A total of 150 front-end channels were irradiated and none of them exhibited 
failures or exceeded the rejection criteria. The worst case degradation observed is 
outlined in the table below. 
 

Parameter % Change from  
Pre-Radiation Measurement 

Charge Gain 0.44% 
Shaping Time 1.79% 
ENC 7.43% 
Device Current 1.39% 
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Figure 1. Input DC Shift 
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Figure 2. Output DC Shift 
 

This change in output DC level is of less significance to the system design as the front-
end stage is AC coupled to the readout stage and the overall gain change of the front-end 
system remains within the rejection criteria. 
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Figure 3 Board 15 super-imposed output Waveforms 
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Figure 4. Charge Gain 
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Figure 5. Shaping Time 
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Figure 6. ENC Delta (r.m.s. electrons) @ 47pF Cdetector 
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Figure 7. Device Current Consumption 



The X-error bars in the above figures illustrates the probable error in total ionizing dose 
(5%) and the Y-error bars illustrate the standard deviation of the parameter. 
 
5. Conclusion: 
 
 Both the front-end electronics components for the CSC namely IC71 
Preamp/Shaper and the ESD diode BAV99ZX were irradiated well above the Radiation 
tolerance criteria (1270 KRad). The degradation of the front-end electronics module due 
to ionizing dose is well within the acceptable range for the CSC electronics requirement. 
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